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1 Introduction
So-called extended LMIs proved very useful to reduce con-
servatism in, amongst others, multi-objective control prob-
lems for LTI systems, robust analysis problems and robust
state feedback design. The extended H2 and H∞ perfor-
mance characterizations proposed in [2] improved the con-
ditions for multi-objective control that were proposed ear-
lier in [5], and were also extended to reduce conservatism
in robust analysis and state feedback design problems [1].
More recently, a more general approach for deriving ex-
tended LMIs based on the projection lemma is proposed in
[4]. This approach allows to even further reduce conser-
vatism in LMI conditions, by taking into account scalar pa-
rameters (see also [3]), summarizing the contribution of this
paper.
2 Extended LMIs with scalar parameters
To illustrate the advantage of incorporating scalar parame-
ters in LMI conditions, consider the stability of a discrete-
time LTI system. It is well-known that a matrix A ∈ Rn×n is
Schur stable if, and only if, there exists a symmetric matrix
P ∈ Rn×n such that
P 0, ATPA−P≺ 0.
Applying the projection lemma or Finsler’s lemma, the fol-
lowing equivalent stability condition is derived[
P−ξ (ATG+GTA) ATG−ξGT
GTA−ξG G+GT −P
]
 0,
where G ∈ Rn×n is an additional matrix variable and ξ ∈
(−1,1) is a scalar parameter. Fixed values of ξ are consid-
ered, such that an LMI results. For ξ = 0 standard con-
ditions from [2] are recovered. In a similar fashion, ex-
tended LMI characterizations with scalar parameters forH2
andH∞ performance are derived. Corresponding synthesis
conditions for state feedback and full-order dynamic output
feedback design follow by application of well-known non-
linear changes of variables [5, 2]. Conservatism in robust
or multi-objective control design might be significantly re-
duced by employing this extra degree of freedom.
3 Results
For an unstable 4th order LTI system a full-order dynamic
output feedback is designed, subject to twoH2 performance
specifications. One H2 norm is optimized, while the other
is bounded by a feasible value b> 0. Two scalar parameters
(ξ1,ξ2) can be incorporated into the optimization problem,
resulting in an upper bound on the optimized H2 perfor-
mance as a function of (ξ1,ξ2), see Figure 1.
−1
0
1
−1−0.500.51
7
8
9
ξ1 ξ2
H
2
bo
un
d
Figure 1: H2 upper bound as a function of (ξ1,ξ2)
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